T his study evaluated the occurrence of enteric bacteria and pseudomonads resistant to tetracycline and β-lactams in the oral cavity of patients exhibiting gingivitis (n=89), periodontitis (n=79), periodontally healthy (n=50) and wearing complete dentures (n=41). Microbial identification and presence of resistance markers associated with the production of β-lactamases and tetracycline resistance were performed by using biochemical tests and PCR. Susceptibility tests were carried out in 201 isolates of enteric cocci and rods. Resistance to ampicillin, amoxicillin/clavulanic acid, imipenem, meropenem and tetracycline was detected in 57.4%, 34.6%, 2.4%, 1.9% and 36.5% of the isolates, respectively. β-lactamase production was observed in 41.2% of tested microorganisms, while the most commonly found β-lactamase genetic determinant was gene bla TeM . Tetracycline resistance was disseminated and a wide scope of tet genes were detected in all studied microbial genus.
INTRODUCTION
The oral microbiota is composed of more than 500 different microbial species, most of them Thus, the aim of this study was to evaluate the presence of antimicrobial resistance genes (tetracycline and β-lactams) in enteric microorganisms isolated from the oral cavity of patients with gingivitis, periodontitis, periodontally healthy patients and patients wearing complete dentures, determining the distribution of most common β-lactamase markers and tetracycline resistance markers. 
MATERIAL AND METhODS

Microorganisms and microbial identification
Detection of β-lactamases
β-Lactam-resistant isolates were also tested for β-lactamase activity by both chromogenic cephalosporin and biological method 5 . These two methods were performed because nitrocefinbased β-lactamase assays have not proven
Resistance to tetracycline and β-lactams and distribution of resistance markers in enteric microorganisms and pseudomonads isolated from the oral cavity useful in detecting β-lactamase production by some microorganisms. In all tests, S. aureus ATCC 29213 was used as the positive control for β-lactamase production.
Distribution of antimicrobial resistance determinants
Bacterial DNA from each β-lactamase producers placed in sterile ultra-pure water was obtained by using a QIAamp DNA Mini Kit (Qiagen, Hilden, Germany). DNA concentrations were determined with a spectrophotometer at A 260 nm (Model DU-640, Beckman Instruments, Richmond, Wash, USA).
Tetracycline-resistant isolates were screened for tetracycline resistance genes 1, 16 tet(A),
tet(B), tet(C), tet(D), tet(e), tet(G), tet(K), tet(L), tet(M), tet(O), tet(Q), tet(S), and tet(T),
while β-lactam-resistant microorganisms were screened for bla TeM , bla CTX-M and bla SHV genes 
RESULTS
In relation to susceptibility to antimicrobial drugs, significant levels of resistance were observed for all β-lactams, except for imipenem and meropenem, which presented 2.4% and of the resistant isolates, respectively (Table 2) .
These genes were not detected in enterococci (Table 3 ).
Resistance to tetracycline was also widely disseminated in the microbial enteric strains
and 36.5% of tested microorganisms were resistant. The presence of tetracycline resistance determinants was widely disseminated among resistant Gram-negative isolates and enterococci.
Tet(A) and tet(B) were the most common in
Gram-negative bacteria; while tet(K), tet(M) and tet(O) were predominant in resistant enterococci.
Tet(G), tet(Q) and tet(T)
were not detected. In the present study, the genetic bases of β-lactamase production in enteric Gram-negative rods were mainly associated with bla TeM gene, which evidenced a noticeable dissemination among Gram-negative enteric bacteria 10, 19 .
Resistant Frequency of antimicrobial resistance determinants N(%) microorganisms bla TEM bla CTX-M bla SHV tet(A) tet(B) tet(C) tet(D) tet(E) tet(M)
Presence of β-lactamase genetic markers was significantly more pronounced in our study than previously reported in literature, even though the distribution of particular determinants in β-lactamase-producer strains was similar 10, 19 .
However, the introduction of new β-lactams with different activity spectra has led to a selection of different genes and mutations that confer resistance to these drugs, especially . In Gram-positive cocci, the concomitant presence of two or more genes tet is common but this peculiarity was not confirmed in the present study, since only 5 isolates (17.2%) of enterococci expressed simultaneously tet(K) and tet(M) determinants.
In Enterobacteriaceae, the most common tetracycline resistance markers were tet (A) and tet(B), which were present in 45.8% of the tetracycline resistant isolates, according to previous studies 1, 11, 12, 16 . In enterococci, genes tet(K) and tet(M) represented 58.6% of the detected resistance markers.
Heterogeneity of tetracycline resistance genes in Gram-negative enteric rods and enterococci was significant, as also previously reported 11 , although these genes were not detected in 18 enteric resistant isolates. There are several possible explanations for the non-detection of tet genes in 23.4% of our resistant isolates. The most probable possibility is that we screened only 12 of the 38 recognized tet genes and some isolates present an inherent resistance to tetracycline as opposed to acquired resistance.
